Introduction
============

From 1993 to 2011, the age-standardized incidence rate for endometrial cancer in the UK rose from 13.5 to 20.4 in 100,000.[@b1-rsrr-4-033] This is probably due to an increase in obesity which has increased in women from 14% to 25% in the same time interval. Obesity is associated with the peripheral conversion of androstenedione to estrone which is an etiological factor.[@b2-rsrr-4-033] The increase in numbers is likely to be associated with a differing morbidity profile. Minimally invasive surgery in these women has already resulted in shorter length of stay and less complications.[@b3-rsrr-4-033] Recent studies have shown the benefit of introducing a robotic service in primary surgery for endometrial cancer, showing less conversions to laparotomy and a reduction in the number of laparotomies performed.[@b4-rsrr-4-033],[@b5-rsrr-4-033] Obesity is one of the comorbidities related to an increase in operating time, complications, and length of stay. This study investigated the different outcomes and costs in relation to body mass index (BMI) in a group of endometrial cancer patients who underwent a robotic-assisted laparoscopic hysterectomy.

Methods
=======

The project had ethical approval as a service evaluation project from the Royal Marsden Committee on Clinical Research (SE314). All patients went through an informed consent process and signed consent forms. All women with endometrial cancer having robotic surgery from September 2012 to December 2014 were included in the analysis. Clinical data were collected from a prospectively entered database and cross-reference against the hospital's electronic patient record (EPR) that included clinical and operative notes. The EPR system also contained a preoperative anesthetic assessment that included a thorough systematic clinical history, microbiological records, blood transfusion records, histopathology, cytopathology, hematology, and biochemistry results. All clinical documentation of the patients was reviewed for Clavien-Dindo[@b6-rsrr-4-033] grade II complications and above for 30 days following surgery.

Costs were assessed by the hospital's finance department. These were allocated into one of nine categories, including costs for ward, high dependence care, medical staffing, theaters, drugs and pharmacy, blood products, imaging, pathology, and rehabilitation therapy. The exact allocation of different costs into each of these categories is described previously.[@b4-rsrr-4-033] These were allocated into one of nine categories, including costs for wards, high-dependence care, medical staffing, theaters, drugs and pharmacy, blood products, imaging, pathology, and rehabilitation therapy. Outcomes from 24 of the patients unstratified by BMI have been reported in another paper on a different subject.[@b4-rsrr-4-033]

All operations included a hysterectomy and removal of the Fallopian tubes and ovaries. It is policy to perform a limited pelvic lymphadenectomy in patients with more than grade 1 or stage 1a disease although it is often not performed on an individual basis in patients who are elderly or who have excess comorbidity. It is not common practice in the institution nor in the United Kingdom to perform para-aortic lymphadenectomy routinely for women with endometrial cancer. Robotic cases were performed using the da Vinci-S^®^ system (Intuitive Surgery, Sunnyvale, USA) with two rather than three 8 mm operating arms, a 12 mm umbilical port for the camera, and a 5 mm portside assistant port. Lymph nodes and other specimens were retrieved through the vagina. Lymph nodes were normally placed in a bag prior to retrieval.

The Shapiro--Wilks test for normality was applied to the total inpatient costs, and no significant difference from a normal distribution was demonstrated. Therefore, descriptive series was presented as mean values with standard deviations and the student's *t*-test was used to test for differences in continuous data. Dichotomous data were compared by using Fisher's exact test. Simple linear regression was used to compare individual comorbidity factors such as diabetes and hypertension after applying the numbers 1 or 0 for their presence or absence, respectively. Obesity was defined as a woman having a BMI ≥30 kg/m^2^. Factors that significantly correlated with total costs were assessed in a backward stepwise multiple linear regression to account for cofounding factors. The project had ethical approval as a service evaluation project from the Royal Marsden Committee on Clinical Research (SE314).

Results
=======

A total of 54 women were included in the evaluation (33 obese and 21 nonobese). The differences between the two groups in stage and histology are shown in [Table 1](#t1-rsrr-4-033){ref-type="table"}. There were no demonstrable differences in the proportion of cases with high stage, poor prognostic pathology, high grade, or the presence of lymph-vascular space invasion. The mean age was 66 years (standard deviation \[SD\] 11 years). No differences in age were seen between the two groups ([Table 2](#t2-rsrr-4-033){ref-type="table"}).

The mean operating time was 35 min longer in the obese group (95% CI 5--65 min, *t*=2.32, *P*=0.0252) ([Table 2](#t2-rsrr-4-033){ref-type="table"}). Furthermore, obese patients spent an average of 1 day extra in hospital (95% CI 0--1, *t*=3.05, *P*=0.0036) ([Table 2](#t2-rsrr-4-033){ref-type="table"}). More obese patients required postoperative stay in a high dependency unit compared to women who were not obese (*P*=0.0448) ([Table 2](#t2-rsrr-4-033){ref-type="table"}). There were no differences between the two groups in the proportion of women who were hypertensive or had other comorbidities (cardiac, neurological, respiratory, or endocrinological) with the exception of diabetes which was more common in the obese group ([Table 2](#t2-rsrr-4-033){ref-type="table"}). There were six Clavien-Dindo grade II complications in the obese group (five urinary infections and one blood transfusion) compared to two in the nonobese group (one blood transfusion and one port-site hernia). This difference was not significant ([Table 2](#t2-rsrr-4-033){ref-type="table"}).

The cost of surgery was on average £1,854 more (95% CI £431--£3,277, *t*=2.61, *P*=0.012) in the obese group ([Table 3](#t3-rsrr-4-033){ref-type="table"}). There were significantly higher costs for wards and clinics (£480 more, 95% CI 68--893, *t*=2.34, *P*=0.0234) and for drugs and pharmacy costs (£34 more, 95% CI 1--67, *t*=2.08, *P*=0.0426) in the obese group ([Table 3](#t3-rsrr-4-033){ref-type="table"}). There were no demonstrable differences between the two groups in costs for medical staffing, theaters, blood products, imaging, pathology, rehabilitation, and high dependency care.

Simple linear regression demonstrated a significant relationship between the total inpatient cost and obesity (*r*=0.33, *t*=2.52, *P*=0.0148), hypertension (*r*=0.32, *t*=2.41, *P*=0.0196), and diabetes (*r*=0.36, *t*=2.80, *P*=0.00071). There was no significant correlation between total inpatient cost and age of over 65 years or a previous laparotomy. Backward stepwise multiple regression revealed obesity alone as an independent variable associated with total cost ([Table 4](#t4-rsrr-4-033){ref-type="table"}).

Discussion
==========

These data demonstrate that women with endometrial cancer who have a BMI \>30kg/m^2^ incur significantly more costs for their inpatient surgical treatment compared to women with a lower BMI. Differences were demonstrated in ward, clinic, and drug costs. Although no savings were shown in theater costs and high dependency care expenses, patients were shown to spend longer in hospital and high dependency care if they had a BMI \>30 kg/m^2^. As there was no comparable data to use for a power analysis, it may be that more significant differences in the subanalyses would have been found if higher numbers were recruited. If larger numbers were included, we might have differences in other outcomes. In addition, this study demonstrated that obesity was the only independent variable, but it would have been interesting to see if diabetes and hypertension showed additional effect in a multi-variant analysis if there was a larger series. The findings are significant in terms of overall inpatient costs for obese women and demonstrate the need for an increased resources for this group of women.

This study chose robotically assisted laparoscopic endometrial cancer surgery for the analysis over straight stick laparoscopic surgery or open laparotomy. There is clear evidence from both individual randomized controlled studies and a respected meta-analysis[@b3-rsrr-4-033] that some form of laparoscopic approach is associated with less complications and a similar survival. Therefore, laparotomy is no longer the preferred route for endometrial cancer in women who are not contraindicated to have some form of laparoscopic approach. We have looked at robotically assisted surgery as our own data have shown that it has comparable outcomes to straight stick surgery with some financial benefits to the institution by minimizing the proportion of cases having open surgery.[@b4-rsrr-4-033] Other authors have also reported clinical benefits for robotic-assisted laparoscopic surgery for primary endometrial cancer.[@b7-rsrr-4-033]--[@b10-rsrr-4-033] Some authors have reported equal or improved costs for robotic-assisted laparoscopy,[@b5-rsrr-4-033],[@b11-rsrr-4-033] whereas other studies have shown increased costs when compared to straight stick laparoscopy not taking into account the proportion of cases performed open.[@b12-rsrr-4-033]--[@b15-rsrr-4-033]

These data assessed the specific costs of the surgical episode alone and did not look at societal costs such as time off work nor quality of life. These have been reported in other studies[@b16-rsrr-4-033],[@b17-rsrr-4-033] and as a separate comparison. Furthermore, there are additional costs for adjuvant therapy such as radiotherapy and chemotherapy. It is possible that there would be further differences if the other additional treatment costs were assessed. The type of surgery in endometrial cancer is also controversial with some institutions electing to perform full pelvic and para-aortic lymphadenectomies and others believing in hysterectomy alone.[@b18-rsrr-4-033] It is possible that differences between obese and nonobese women would be different and probably greater in an institution with an ethos for more radical surgery than ours and less in an institution that believes in hysterectomy alone.

Conclusion
==========

This study demonstrates that the cost of robotic surgery for endometrial cancer is significantly higher if a patient has a BMI ≥30 kg/m^2^. This is probably related to increased hospital stay, longer time in theater, and more high dependency care usage. Greater resource should be allocated to obese women with endometrial cancer compared to nonobese women.
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###### 

Stage and histology of endometrial cancer in women with body mass index (BMI) ≥30 kg/m^2^ compared to women with BMI \<30 kg/m^2^

  ---------------------------------------------------------------------------------------------------------------------
                                             BMI \<30 kg/m^2^\   BMI ≥30 kg/m^2^\   All cases\   Fisher's exact test\
                                             N=21                N=33               N=54         (FET)
  ------------------------------------------ ------------------- ------------------ ------------ ----------------------
  **Stage**                                                                                      

  Stage 1, n (%)                             15 (71.4)           27 (81.8)          42 (77.8)    FET NS

  Stage 1a, n (%)                            11 (52.4)           24 (72.7)          35 (64.8)    

  Stage 1b, n (%)                            4 (19.0)            3 (9.1)            7 (13.0)     

  Stage 2, n (%)                             2 (9.5)             1 (3.0)            3 (5.6)      

  Stage 3, n (%)                             3 (14.3)            5 (15.2)           8 (14.8)     

  Stage 4, n (%)                             1 (4.8)             0 (0.0)            1 (1.9)      

  **Histological type**                                                                          

  Endometrioid, n (%)                        11 (52.4)           23 (69.7)          34 (63.0)    FET NS

  Carcinosarcoma, n (%)                      5                   5                  10           

  Serous papillary, n (%)                    2                   3                  5            

  Clear cell, n (%)                          0                   2                  2            

  Other, n (%)                               3                   0                  3            

  **Histological grade**                                                                         

  Well differentiated, n (%)                 6 (28.6)            12 (36.4)          18 (33.3)    FET NS

  Moderately differentiated, n (%)           1 (4.8)             6 (18.2)           7 (13.0)     

  Poorly differentiated, n (%)               14 (66.7)           15 (45.5)          29 (53.7)    

  **Lymph-vascular space invasion, n (%)**   10 (47.6)           9 (27.3)           19 (35.2)    FET NS
  ---------------------------------------------------------------------------------------------------------------------

**Abbreviation:** NS, not significant.

###### 

Clinical outcomes and comorbidities for robotic primary surgery in endometrial cancer in women with BMI ≥30 kg/m^2^ compared to women with BMI \<30 kg/m^2^

                                               BMI \<30 kg/m^2^   BMI ≥30 kg/m^2^   All cases       Mann--Whitney *P* (mean difference: 95% CI) or Fisher's exact test (FET)
  -------------------------------------------- ------------------ ----------------- --------------- --------------------------------------------------------------------------
  Operative time (min), mean (SD)              201 (53)           236 (55)          222 (56)        *t*=2.32, *P*=0.0252 (35: 5--65)
  Days stay, mean (SD)                         1 (1)              2 (1)             2 (1)           *t*=3.05, *P*=0.0036 (1: 0--1)
   More than 1 day stay in hospital, n/N (%)   4/21 (19.0)        20/33 (60.6)      24/54 (44.4)    FET *P*=0.0032
  Days in high dependency care, mean (SD)      1 (1)              1 (1)             1 (1)           *t*=2.12, *P*=0.0402 (0: 0--1)
   Any high dependency care, n/N (%)           10/21 (47.6)       25/33 (75.8)      35/54 (64.8)    FET *P*=0.0448
  Any medical comorbidity, n/N (%)             14/21 (66.7)       28/33 (84.4)      42/54 (77.8)    FET NS
   Hypertension                                8/21 (38.1)        21/33 (63.6)      29/54 (53.7)    FET NS
   Diabetes mellitus                           0/21 (0.0)         13/33 (39.4)      13/54 (24.1)    FET *P*=0.0007
  Previous laparotomy, n/N (%)                 31/130 (23.8)      13/66 (19.7)      44/196 (22.4)   FET NS
  Age (years), mean (SD)                       67 (13)            65 (10)           66 (11)         NS (--2: --9 to 5)
   \>65 years, n/N (%)                         9/21 (42.9)        18/33 (54.5)      27/54 (50.0)    FET NS
  All complications, n/N (%)                   2/21 (9.5)         6/33 (18.2)       8/54 (14.8)     FET NS
   Urinary tract infection                     0/21 (0.0)         5/33 (15.2)       5/54 (9.3)      FET NS
   Other complications                         2/21 (9.5)         1/33 (3.0%)       3/54 (5.6)      FET NS
    Port-site hernia                           1                  0                 1               
    Blood transfusion                          1                  1                 2               

**Abbreviations:** BMI, body mass index; CI, confidence interval; NS, not significant; SD, standard deviation.

###### 

Cost of robotic primary surgery for endometrial cancer in women with BMI ≥30 kg/m^2^ compared to women with BMI \<30 kg/m^2^

  -------------------------------------------------------------------------------------------------------------------------------------
                                     BMI \<30 kg/m^2^\   BMI ≥30 kg/m^2^\   All cases\      Comparison statistic\
                                     mean (SD)           mean (SD)          mean (SD)       (mean difference: 95% CI)
  ---------------------------------- ------------------- ------------------ --------------- -------------------------------------------
  Ward/clinic costs (£)              1,181 (534)         1,661 (973)        1,474 (857)     *t*=2.34, *P*=0.0234 (480: 68 to 893)

  Medical staffing costs (£)         1,761 (744)         1,911 (1,039)      1,853 (931)     NS (150: −339 to 637)

  Theater costs (£)                  2,723 (1,172)       3,000 (1,141)      2,892 (1,151)   NS (277: −372 to 927)

  Drugs/pharmacy costs (£)           75 (50)             109 (69)           96 (64)         *t*=2.08, *P*=0.0426 (34: 1 to 67)

  Blood products costs (£)           6 (26)              2 (11)             3 (18)          NS (4: −16 to 8)

  Imaging costs (£)                  74 (207)            78 (126)           76 (161)        NS (4: −97 to 104)

  Pathology costs (£)                231 (215)           344 (258)          300 (246)       NS (113: −17 to 244)

  Rehabilitation therapy costs (£)   28 (61)             47 (109)           40 (93)         NS (19: −27 to 66)

  High dependency care costs (£)     1,276 (1,273)       1,983 (1,612)      1,673 (1,498)   NS (707: −204 to 1,618)

  Total cost (£)                     7,535 (2,374)       9,389 (2,783)      8,668 (2,763)   *t*=2.61, *P*=0.012 (1,854: 431 to 3,277)
  -------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** BMI, body mass index; CI, confidence interval; NS, not significant; SD, standard deviation.

###### 

Backward stepwise multiple linear regression to assess correlation between hypertension, obesity, and diabetes with the total cost of inpatient stay

                                         Cost        *r*          *t*         *P*-value
  -------------------------------------- ----------- ------------ ----------- -----------
  **Step 1**                                                                  
  Intercept                              £7,152.54                *t*=11.33   \<0.0001
  BMI \>30 kg/m^2^                       £1,108.07   0.192        *t*=1.38    0.1722
  Hypertension                           £1,004.57   0.180        *t*=1.29    0.2017
  Diabetes                               £1,242.22   0.176        *t*=1.27    0.2116
  Analysis of variance from regression                                        
  *R*^2^ =19.35%                         *F*=3.997   *P*=0.0105               
  **Step 2**                                                                  
  Intercept                              £7,012.43                11.22       \<0.0001
  BMI \>30 kg/m^2^                       £1,503.49   0.273        2.03        0.0477
  Hypertension                           £1,372.37   0.256        1.89        0.0638
  Analysis of variance from regression                                        
  *R*^2^ =16.75%                         *F*=5.134   *P*=0.0093               
  **Step 3**                                                                  
  Intercept                              £7,535.24                13.11       \<0.0001
  BMI \>30 kg/m^2^                       £1,854.01   0.330        2.52        0.0148
  Analysis of variance from regression                                        
  *R*^2^ =10.90%                         *F*=6.362   *P*=0.0148               

**Abbreviation:** BMI, body mass index.
